Objective:To calculate three summary scores of the Framingham Heart Study neuropsychological battery and determine which score best differentiates between subjects classified as having normal cognition, testbased impaired learning and memory, test-based multidomain impairment, and dementia. Method: The final sample included 2,503 participants. Three summary scores were assessed: (a) composite score that provided equal weight to each subtest, (b) composite score that provided equal weight to each cognitive domain assessed by the neuropsychological battery, and (c) abbreviated score comprised of subtests for learning and memory. Receiver operating characteristic analysis was used to determine which summary score best differentiated between the four cognitive states. Results: The summary score that provided equal weight to each subtest best differentiated between the four cognitive states. Discussion: A summary score that provides equal weight to each subtest is an efficient way to utilize all of the cognitive data collected by a neuropsychological battery.
Introduction
Current interest in the preclinical and prodromal stages of Alzheimer's disease (AD) has made it important that cognitive measures be evaluated for their ability to provide an objective marker for these cognitive states, similar to the criteria for mild cognitive impairment (MCI; Karrasch, Sinerva, Gronholm, Rinne, & Laine, 2005; Shankle et al., 2005) . As there may be subtle cognitive changes occurring during the earliest stages of AD Johnson, Storandt, Morris, & Galvin, 2009; Knopman et al., 2012; Langbaum et al., 2014; Riley et al., 2011) , tracking cognition from the preclinical and prodromal stages of AD to MCI would further aid in the design of prevention and secondary treatment trials. Many ongoing cohort studies have collected cognitive data from participants using comprehensive neuropsychological batteries that assess a variety of cognitive domains. Investigators will often use the cognitive data to calculate a summary score that provides equal weight to each subtest or cognitive domain assessed. Another approach limits analysis to subtests that assess specific cognitive domains that meet the objectives of the study. Although these approaches are an efficient method to utilize cognitive data by limiting the number of statistical models employed, research on which approach best differentiates between various cognitive states is lacking.
The purpose of the current study was to calculate a series of three summary scores using data from the Framingham Heart Study (FHS) Offspring Cohort to determine which summary score best differentiated between participants classified as having normal cognition (NC), test-based impaired learning and memory (ILM TB ), test-based multidomain impairment (MDI TB ), or dementia. Creating a summary score of the FHS neuropsychological battery will enable investigators to assess severity of cognitive impairment among dementia, ILM TB , and MDI TB patients, effectively measure cognitive decline among dementia, ILM TB , and MDI TB patients, aid in the identification of patients who progress from NC to dementia, and help investigators differentiate between normal and abnormal cognitive aging. Also, the design and methodology of the present analysis can be replicated and used by other investigators to create summary scores for the neuropsychological batteries employed in other studies.
Method

FHS Offspring Cohort
This report reflects a secondary analysis of cognitive data collected from participants of the FHS Offspring Cohort. The FHS Offspring Cohort was initiated in 1971 (Feinleib, Kannel, Garrison, McNamara, & Castelli, 1975) and a total of eight clinical examinations have been completed between 1971 and 2008. Beginning in 1999, surviving participants of the Cohort were recruited to participate in a secondary study in which they received a comprehensive neuropsychological battery. A total of 2,557 members of the FHS Offspring Cohort received this test battery between 1999 and 2005, and 1,713 (67.0%) participants attended a follow-up evaluation prior to 2007 in which they received the same tests. Individuals with missing data for one or more subtests of the battery during the baseline examination (n = 54, 2.1%) were excluded from the final sample. This was done so the summary scores for each participant would reflect the same combination of cognitive functioning measures. The final sample included 2,503 participants who were randomized to either a training or validation set. The training set was used to estimate the effects of age, sex, and education (<high school, some college, college degree) on the scores for each assessment included in the FHS for persons who had not received a dementia diagnosis or who had a decline >1.5 standard deviations (SD) on one or more assessments between the baseline and postevaluations. The effects of these demographics were determined using a multivariable model that included age, sex, and education as predictors of each test as well as the omnibus score. The regression coefficients from this model were then used to calculate predicted scores for each of the cognitive assessments. The estimated effects of age, sex, and education are presented in Table 1 .
FHS Neuropsychological Battery
The FHS neuropsychological battery includes subtests that assess naming and language (Boston Naming Test; Goodglass & Kaplan, 1983) , visuoperceptual skills (Hooper Visual Organization Test [HVOT]; Hooper, 1966) , premorbid intelligence (Wide Range Achievement Test; Wilkinson, 1993) , abstract reasoning (Similarities; Wechsler, 1955) , motor speed (Finger Tapping Test; Shimoyama, Ninchoji, & Uemura, 1990) , along with visual attention, set switching, and visual-motor skills (Trail Making Test [TMT] A and B; Armitage, 1946) , subtests of the Wechsler Memory Scale (Wechsler, 1945) validity and reliability of these cognitive assessments are well documented (Ashendorf, Jefferson, Green, & Stern, 2009; Boyd, 1981; Gill, Reddon, Stefanyk, & Hans, 1986; Huff, Collins, Corkin, & Rosen, 1986; Russell, 1975; Ryan & Ward, 1999; Salthouse, 2011) . Two additional cognitive scores were derived utilizing the raw scores from the TMT A and TMT B (Trail Making Difference Score) and Logical Memory Immediate and Delayed Recall (Memory Retention). The Trail Making Difference Score was obtained by calculating the minutes to complete the TMT B minus the minutes to complete the TMT A. This difference score accounts for the motor speed and visual scanning components of the TMT A and has been shown to provide a reliable measure of executive function and cognitive flexibility (Sanchez-Cubillo et al., 2009 ). The Memory Retention Score was obtained by dividing the score for Logical Memory Delayed Recall by the score for Logical Memory Immediate Recall (Logical Memory Delayed / Logical Memory Immediate; Russell, 1975) . This score provides a measure of memory retention relative to initial encoding (Mathews et al., 2014) .
Case Definitions of Dementia, Impaired Learning and Memory, and Multidomain Impairment
Since 1979, incident cases of dementia in the Offspring Cohort have been recorded on an ongoing basis as part of the Epidemiology of Dementia study (Bachman et al., 1993; Bachman et al., 1992) . The Mini Mental State Examination (MMSE; Folstein, Folstein, & McHugh, 1975) has been administered to participants during each clinical exam to identify participants who required further neuropsychological evaluation. Participants who scored below the education-adjusted cutoff score on the MMSE (score < 22 for < 7 years education, score < 24 for 8 to 11 years education, score < 25 for high school graduate, and score < 26 for any education beyond high school), declined three or more points on the MMSE since the previous examination, or were referred by themselves, a family member, family physician, or FHS physician, were suspected of having dementia and underwent further evaluation by an expert panel that included at least one neurologist and one neuropsychologist. This panel evaluated all available health records, neurologic and neuropsychological examinations, and reports of all hospitalizations to determine if the reported cognitive impairment was likely due to dementia. Participants were considered as having dementia by the panel if they met the following three criteria: (a) independent diagnosis of cognitive impairment consistent with dementia, defined as impairment in three or more cognitive domains, including language, memory, visuospatial skills, personality/ behavior, and cognition, as well as intact consciousness (Cummings & Benson, 1986) , by a neurologist and neuropsychologist; (b) participant has experienced cognitive impairment for at least 1 year; and (c) definitive cognitive decline based on participant's preexisting level of cognitive functioning. For cases of dementia, the panel assessed dementia severity (mild, moderate, or severe) according to criteria consistent with the Diagnostic and Statistical Manual of Mental Disorders (3rd ed., rev.; DSM-III-R; American Psychiatric Association [APA], 1987) dementia subtype (AD, AD with stroke, vascular dementia [VaD] , AD with VaD [mixed dementia], or other), according to the criteria described in Bachman et al. (1992) .
In this study, 36 participants who had received a diagnosis of dementia received a neuropsychological battery between 1999 and 2005, but seven cases (n = 5 AD; n = 2 other dementia) had missing data for one or more subtests. These seven cases were excluded from this analysis. For the present analysis, the subtests included in the neuropsychological battery and two derived cognitive scores were used to classify nondemented participants as NC, ILM TB , or test-based multidomain impaired (MDI TB ) based on the approach used by Abner and colleagues (2012) . Impaired performance on a subtest was defined as a score >1.5 SD below what would be expected given the participant's age, sex, and level of education. This definition is consistent with the criteria provided by the National Institute on Aging-Alzheimer's Association (NIA-AA) workgroup (Albert et al., 2011) . A classification of ILM TB was given to participants with no dementia and who had impaired performance on one or more subtests of learning and memory or memory retention but nonimpaired performance on all other subtests. A classification of MDI TB was given to participants with no dementia and who had impaired performance on one or more subtests in the neuropsychological battery, which could include subtests of learning and memory, and memory retention. A classification of NC was given to participants who were absent of dementia and did not have an impaired performance on any subtests or the two derived cognitive scores.
Summary Scores
A total of three summary scores were created: (a) composite subtests, (b) learning and retention, and (c) composite domains. The composite subtests summary score was calculated by first transforming the raw score of each subtest into a z score by subtracting a participant's score (x) minus the sample mean (µ ) and dividing by the SD ( σ ) [z score = ( ) x − µ σ.]. The z scores for TMT A, TMT B, and Trail Making Difference Score were multiplied by −1 so that higher scores represented more intact cognition. Once a z score was calculated for each subtest, the average of the z scores was calculated to obtain the composite subtests summary score.
The learning and retention summary score was comprised of the six subtests from the Wechsler Memory Scale that assessed learning and memory (verbal memory [Logical Memory Immediate and Delayed Recall], learning [Paired-Associate Memory Immediate and Delayed Recall], and visual memory [Visual Reproductions Immediate and Delayed Recall]) and the derived Memory Retention Score. The summary score was obtained by first transforming each raw score into a z score followed by calculating the average of the z scores.
The cognitive domains summary score was comprised of the specific cognitive domains assessed by the FHS neuropsychological battery that were identified in the present analysis by conducting a factor analysis followed by an orthogonal (varimax) rotation. A total of three factors were extracted (eigenvalue >1) and a fourth factor with an eigenvalue of 0.9 was also included (remaining eigenvalues <0.71). The proportion of variance explained by the three factors and four factors was 0.61 and 0.79, respectively. The following subtests loaded onto the four factors based on a rotated factor pattern score above 0 . The TMT Difference Score was added to the attention/concentration domain and Memory Retention was added to the verbal memory domain as these domains included the individual assessments used to derive these additional cognitive measures. Once these cognitive domains were identified, the next step was to sum the raw scores for the subtests to create a total score for each specific cognitive domain. These total scores for each cognitive domain were then transformed into z scores and the average of these z scores was calculated to obtain the composite domain summary score.
Statistical Analysis
Receiver operator characteristic (ROC) analysis was conducted utilizing data from the validation sample to obtain ROC curves for each of the summary scores. The area under the curve (AUC) is interpreted as the probability that a randomly selected participant who is a case has a lower summary score than a randomly selected participant who is a control. To control for the effects of age, sex, and education, the residuals of the summary scores were obtained by calculating the difference between the observed summary score and predicted summary score given a participant's age, sex, and education (see Table 1 for estimated effects of age, sex, and education on the three summary scores). ROC analysis was also used to determine the sensitivity (proportion of correctly identified cases), specificity (proportion of correctly identified controls), positive predictive value (ppv; probability that participants who test positive are true cases), negative predictive value (npv; the probability that participants who test negative are true controls), and diagnostic accuracy (proportion of cases and controls who are correctly identified) for the optimal cut point of the residuals for each summary score. The optimal cut points were determined according to the "closest top left" criteria in which the point that is closest to perfect differentiation is identified and the corresponding cut point is deemed as optimal (Coffin & Sukhatme, 1997) .
Results
Characteristics of FHS Offspring Cohort
The demographic characteristics of participants included in the validation sample according to cognitive status are provided in Table 2 . Among participants who completed a neuropsychological battery, 564 (45.1%) were classified as NC, 269 (21.5%) were classified as ILM TB , 399 (31.9%) were classified MDI TB , and 19 (1.5%) participants had received a diagnosis of dementia (n = 16 AD; n = 1 AD with stroke; n = 1 AD with vascular dementia; n = 1 other). There were significant differences for age (p < .01), education (p = .01), and APOE e4 allele status (p < .01) according to cognitive status. There were no differences in the proportion of males and females according to cognitive status. All three summary scores were highly correlated and the Pearson correlation coefficients were as follows: (a) composite subtests and composite domains r = .97, (b) composite subtests and learning and memory r = .92, (3) composite domains and learning and memory r = .94.
Effects of Age, Sex, and Education on Cognition
There were significant differences in subtest performance, two derived scores, and the three summary scores according to age, sex, and education ( 
Differentiating Between Cognitive Groups
Dementia versus NC. All three summary scores were highly accurate when differentiating between NC and demented participants. The AUC (the probability that a randomly selected dementia case has a lower score than a randomly selected NC control) among the three summary scores were all greater than 0.97 (Table 3 and Figure 1 ). The optimal cut point for the composite subtest summary score had significantly higher specificity and overall test accuracy compared with the composite domains summary score but not compared with the learning and retention summary score (Figure 1 ). These results provide evidence for the use of the composite subtests summary score for differentiating between NC and dementia participants. Note. ROC = receiver operator characteristic.
ILM TB versus NC. There were no significant differences in AUCs among the three summary scores (Table 4 and Figure 2 ). The optimal cut point for the composite domains summary score had the greatest AUC, sensitivity, npv, and overall test accuracy and the learning and retention summary score had the greatest specificity. However, these differences were not statistically significant compared with the other summary scores. Based on these results, there are no apparent differences between the three summary scores in their ability to differentiate between participants classified as ILM TB and NC. MDI TB versus NC. The composite subtests summary score had significantly greater AUC, and overall test accuracy, compared with the composite domains and learning and retention summary scores (Table 5 and Figure 3) . In addition, the composite domains summary score had a significantly greater AUC and overall test accuracy compared with the learning and retention summary score. The composite subtest summary score had significantly higher sensitivity, specificity, npv, and ppv compared with the learning and retention summary score (Table 5 ). Based on this evidence, the composite subtests summary score is best able to differentiate between participants classified as normal and MDI TB and a summary score that is limited to assessments of learning and retention should not be used to differentiate between these cognitive groups.
ILM TB versus dementia. The composite subtests summary score had the greatest AUC of the three summary scores, but the wide confidence interval due to the small number of participants diagnosed with dementia prevented any significant differences in AUC according to cognitive status from being detected (Table 6 and Figure 4 ). The optimal cut points for the composite subtests and composite domains summary scores both had significantly higher specificity and overall test accuracy compared with the learning and retention summary score. There were no significant differences in the ability of the composite subtests and composite domains summary scores when differentiating between dementia and ILM TB participants. Based on this evidence, the learning and retention summary score is not as effective in differentiating between dementia and ILM TB participants in the FHS Offspring Cohort. MDI TB versus dementia. There were no significant differences between the AUCs for any of the three summary scores (Table 7 and Figure 5 ). The optimal cut point for the learning and retention summary score had significantly higher specificity and overall test accuracy compared with the composite subtests and composite domains summary scores. The optimal cut point for the learning and retention score also had the highest ppv among the three summary scores, but this difference was not statistically significant. Based on this evidence, the learning and retention score is the most effective for differentiating between MDI TB and dementia participants in the FHS Offspring Cohort. Note. MDI TB = test-based multidomain impairment; AUC = area under the curve; PPV = positive predictive value; NPV = negative predictive value. a Significant difference compared with composite domains summary score. b Significant difference compared with learning and retention summary score.
Figure 5. ROC curves differentiating between demented and MDI TB participants.
Note. ROC = receiver operator characteristic; MDI TB = test-based multidomain impairment.
ILM TB and MDI TB . The composite subtest summary score had significantly greater AUC compared with composite domains summary score and learning and retention summary score (Table 8 and Figure 6 ). Most noticeably, the learning and retention summary score was not able to differentiate between participants classified as ILM TB and MDI TB (AUC = 0.51 [0.46, 0.55]). This was expected as both cognitive groups could have impaired functioning on subtests of learning, memory, and retention. The AUC for the composite Figure 6 . ROC curves differentiating between ILM TB and MDI TB participants.
Note. ROC = receiver operator characteristic; ILM TB = test-based impaired learning and memory; MDI TB = test-based multidomain impairment. domains summary score was also significantly greater than the learning and retention summary score. Furthermore, the optimal cut point for the learning and retention summary score had significantly lower specificity, ppv, npv, and overall test accuracy compared with the other two summary scores. Finally, the optimal cut point for the composite subtests summary score had significantly higher sensitivity compared with the learning and retention summary score. Based on this evidence, the composite subtest score is best able to differentiate between ILM TB and MDI TB due to the significantly higher AUC and sensitivity compared with the composite domains summary score.
Discussion
Summary
This study sought to calculate a series of three summary scores for the FHS neuropsychological battery and conduct a ROC analysis to determine which summary score was best able to differentiate between participants classified as having normal cognitive function, ILM TB , MDI TB , and dementia. The relatively high values for AUC, sensitivity, and specificity indicate that the optimal cut points for all three summary scores were able to accurately differentiate between normal and dementia participants, and between normal and MDI TB participants. However, the optimal cut point for the composite subtests summary score performed best when differentiating between these groups based on the specificity, sensitivity, ppv, npv, and overall test accuracy. This suggests that not providing equal weight to the cognitive domains of the FHS neuropsychological battery and including subtests that assess additional cognitive domains other than learning and retention is beneficial when differentiating between normal and dementia, and normal and MDI TB participants. All three summary scores accurately differentiated between MDI TB and dementia participants based on the respective AUCs, but the optimal cut point for the learning and retention summary score had significantly higher specificity and overall test accuracy compared with the other two summary scores. These significant differences may be due to the optimal cut point being much lower than the composite subtests and domains summary score. Therefore, the learning and memory score was able to correctly identify more participants classified as MDI TB , whereas the other two summary scores were better able to identify participants with dementia. This is reflected by the lower sensitivity of the learning and retention score compared with the other two summary scores. The characteristics of the cognitive assessments included in the neuropsychological battery and how these assessments were utilized in each summary score may explain the observed differences in the ability of the three summary scores to differentiate between the four cognitive groups. Six of the 11 cognitive assessments included in the FHS neuropsychological battery and derived Memory Retention Score measured cognitive domains within memory. Several diagnostic criteria for dementia, including DSM-III-R, DSM-IV (APA, 1994) , and NIA-AA workgroup (McKhann et al., 2011) , require a patient to have impaired memory to receive a diagnosis of dementia. The method used to obtain the composite subtests summary score gave equal weight to each assessment included in the summary score while maintaining the emphasis on learning and memory domains. Therefore, the emphasis placed on memory in the diagnosis of dementia and greater weight placed on learning and memory in the composite subtests score may explain why this summary score outperformed the composite domains summary score, which provided equal weight to all cognitive domains, when differentiating between participants classified as NC versus dementia. However, the inclusion of additional cognitive domains in the composite subtests and composite domains summary scores appeared to be beneficial, especially when differentiating between participants classified as dementia versus ILM TB , and ILM TB versus MDI TB . This may be because ILM TB participants were defined in this study as having impaired performance on assessments that measured learning and memory, but normal performance on all other cognitive assessments. Therefore, the higher performance by participants classified as ILM TB on assessments that measured cognitive domains other than learning and memory compared with MDI TB and dementia participants allowed for the composite subtests and composite domains summary scores to outperform the learning and retention summary score. The only instance in which the learning and retention summary score outperformed the other summary scores was when differentiating between MDI TB versus dementia. This suggests that the inclusion of additional cognitive domains in the summary score does not improve the utility of the summary score, as was observed when differentiating between dementia versus ILM TB , and ILM TB versus MDI TB .
There are unique cognitive characteristics that differentiate dementia subtypes (Desmond, 2004; Kraybill et al., 2005; Weintraub, Wicklund, & Salmon, 2012) . These differences make it likely that the utility of the summary scores derived in the present analysis to differentiate between dementia and the other cognitive groups vary for dementia subtypes. The majority of dementia cases included in the final sample were attributed to AD, but the final sample also included cases of mixed dementia (AD and vascular dementia), AD with stroke, and dementia cases classified as other. As a result of the limited number of dementia cases in the FHS Offspring Cohort, the present study was unable to assess the utility of the summary scores to differentiate between each dementia subtype and other cognitive groups, or differentiate between different subtypes of dementia. As impaired learning and memory are symptoms of AD, it is likely that the ability of the summary scores employed in the current study to differentiate between AD and the other cognitive groups would be similar to the observed results when differentiating between dementia and the other cognitive groups. Future research should assess the ability of the summary scores utilized in the current study to differentiate between dementia subtypes and how results may differ according to dementia subtype.
Many population-based cohort studies assess cognitive functioning using a neuropsychological battery comprised of a collection of cognitive assessments that are included for reasons linked to the specific goals of the study. But there are considerable differences between studies in the number and type of cognitive assessments included in the neuropsychological battery. This makes it challenging to compare the results of the summary scores obtained in the present analysis to those obtained from other studies. A total score for the Consortium to Establish a Registry for Alzheimer's Disease (CERAD) neuropsychological battery has been reported to accurately differentiate between older adults with NC, MCI, and AD (Chandler et al., 2005) . Compared with the results reported by Chandler et al. (2005) , the composite subtests summary score calculated from the FHS study had a similar AUC, sensitivity, and specificity when differentiating between normal, cognitively impaired, and dementia participants. This suggests that a summary score that is the sum of the subtests included in the neuropsychological battery has similar utility compared with the composite subtest method used in the current study.
A total score was not calculated in the current study because this method does not take into account the differential weighting that each subtest has toward the total score due to the variation in the minimum and maximum possible scores for each subtest. As a result, a participant's total score may not accurately represent his or her overall level of cognitive functioning because the total score may be highly influenced by performance on only one or two subtests. Furthermore, a total score approach does not account for the different scales in which some cognitive assessments are scored. The FHS neuropsychological battery includes the TMT A and TMT B, which are timed assessments measured in either minutes or seconds. The relative weight of the TMT A and TMT B scores in a total summary score would vary substantially depending on if the time to complete the assessments was measured in seconds or minutes. A potential resolution would be to not include the TMT A and TMT B assessments in a total summary score, but these assessments are sensitive to the presence of dementia (Rasmusson, Zonderman, Kawas, & Resnick, 1998) and MCI (Ashendorf et al., 2008) , and not including these assessments would potentially decrease the utility of the summary score.
Limitations
There are limitations of this study that should be acknowledged. First is the low number of participants who had received the neuropsychological battery and were diagnosed with dementia. A total of 1,251 participants in the validation sample completed a neuropsychological battery, but only 19 of these participants had received a diagnosis of dementia. The low prevalence of dementia is due to the relatively young age of the Offspring Cohort. This limited the ability to detect statistically significant differences between the three summary scores when classifying between dementia and the other cognitive groups. The low power was reflected by the wide confidence intervals for AUC, sensitivity, specificity, npv, ppv and overall test accuracy in the analyses that included participants with dementia. The low prevalence of dementia must also be taken into consideration when interpreting the ppv and npv for the summary scores because these metrics are influenced by disease prevalence (Altman & Bland, 1994) . The ppv of a diagnostic measure increases as the prevalence of the disease increases, whereas the npv decreases as the prevalence of the disease increases. This means that in a population where the prevalence of a disease is low, a relatively high number of people will be incorrectly classified as having the disease compared with the number of people who test positive and truly have the disease. It should also be noted that the dementia cases included in the final sample are likely to be limited to participants in the mild stages of dementia as cases needed to have survived long enough postdiagnosis and be healthy enough to receive the neuropsychological battery. Therefore, these dementia cases may be biased and not include moderate or severe dementia cases.
A second limitation is that calculating specificity, sensitivity, ppv, npv, and overall accuracy of the three summary scores required comparing the classification results from the summary scores with those obtained from a predetermined gold standard. The gold standard for classifying participants as MDI TB and ILM TB was consistent with the diagnostic criteria for MCI established by the NIA-AA workgroup (Albert et al., 2011) . The NIA-AA workgroup emphasizes that persons diagnosed with MCI are able to maintain their ability to independently perform activities of daily living (ADLs), such as paying bills, cooking a meal, or shopping. Although the FHS includes measures for ADLs, this criterion was not included in the classification of MDI TB and ILM TB because ADL measures were not collected concurrently with when a participant received the neuropsychological battery. Not including the ability to independently perform ADLs in the diagnostic criteria raises the possibility that some participants classified as ILM TB or MDI TB may have dementia if their level of cognitive impairment limited their ability to independently perform ADLs.
A third limitation is the validity three summary scores could not be assessed. The validity of each summary score could be determined by correlating these scores with another cognitive assessment such as the MMSE. The MMSE is commonly used in clinical settings to assess cognitive functioning and screen for dementia. However, we were unable to correlate the summary scores with the MMSE because this assessment was not included as part of the neuropsychological battery. Also, we were unable to assess the test-retest reliability of the summary scores. The final sample included participants who received the neuropsychological battery during a follow-up examination, but no participant was reevaluated within 1 year.
Finally, the results from the ROC analysis may overestimate the ability of the summary scores to differentiate between the cognitive subgroups because the cognitive assessments used to classify participants as normal, MDI TB , and ILM TB were also used to create the three summary scores. We minimized biases that may have arisen from using this approach by defining NC, MDI TB , and ILM TB according to performance on individual cognitive assessments as opposed to using the summary scores. Also, we estimated normative scores for each cognitive assessment according to age, educational attainment, and gender using a random subsample of the FHS Offspring Cohort who received the neuropsychological battery.
Conclusion
To summarize, all three summary scores were able to accurately differentiate between participants classified as cognitively normal and dementia, ILM TB and dementia, MDI TB and dementia, and with the exception of the learning and retention summary score, ILM TB , and MDI TB . The learning and retention summary score performed best when differentiating between MDI TB and dementia. Collectively, these findings suggest that composite subtests summary score has the highest utility when differentiating between normal and dementia participants, normal and MDI TB participants, and ILM TB and dementia participants, but the learning and retention summary score should be employed when differentiating between MDI TB and dementia participants.
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